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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority of Chinese Application No. 202110797731.3, filed on July 14, 2021, the contents
of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to the field of magnetic resonance technology, and more particularly,
relates to systems and methods for improving output stability of a radio frequency power amplifier (RFPA) of a magnetic
resonance imaging (MRI) system.

BACKGROUND

[0003] RFPAisa core componentinan MRIsystem, which depends on the robust performance of the RFPA to produce
reliable results. The RFPA amplifies radio frequency (RF) pulses, and the amplified RF pulses can drive RF coils of the
MRI system for imaging. For stable MRI perfromance, the RFPA needs to maintain a stable gain for achieving desired
imaging effects. However, RFPAs tend to demonstrate non-linear gain properties that may cause a non-linear distortions
of the RF pulses when the RFPA operates in the saturation region or the cutoff region. Such distortions often include
an amplitude distortion and a phase distortion in-band and/or a spectral spreading out-of-band, which would likely
interfere with the signal transmission of an adjacent channel. Ultimately, in MRI imaging, it is important to reduce the
occurrence of artifacts and distortions, which have the potential of damaging image quality, and affecting disease diag-
nosis and/or scientific research. Therefore, it is desirable to provide systems and methods for improving output stability
of the RFPA of the MRI system, thereby improving the overall robustness (e.g., image quality) of the MRI system.

SUMMARY

[0004] In one aspect of the present disclosure, a system for improving output stability of a radio frequency power
amplifier (RFPA) is provided. The system may include a first processing circuit and a second processing circuit. The
first processing circuit may be configured to obtain an initial radio frequency signal to be amplified by the RFPA and
generate a compensated radio frequency signal by performing, based on a preset compensation rule and a set of
compensation parameters, a gain compensation operation for the initial radio frequency signal. The set of compensation
parameters may include a supply voltage of the RFPA and a transistor junction temperature of the RFPA. The second
processing circuit may be configured to generate, by performing a non-linear correction operation on the compensated
radio frequency signal, a corrected radio frequency signal, which is transmitted to the RFPA.

[0005] In another aspect of the present disclosure, a method for improving output stability of a radio frequency power
amplifier (RFPA) is provided. The method may be implemented by one or more processing circuits operably connected
with the RFPA. The method may include obtaining an initial radio frequency signal to be amplified by the RFPA. The
method may also include generating a compensated radio frequency signal by performing, based on a preset compen-
sation rule and a set of compensation parameters, a gain compensation operation for the initial radio frequency signal.
The set of compensation parameters may include a supply voltage of the RFPA and a transistor junction temperature
of the RFPA. The method may further include generating, by performing a non-linear correction operation on the com-
pensated radio frequency signal, a corrected radio frequency signal, which is transmitted to the RFPA.

[0006] In another aspect of the present disclosure, a radio frequency system is provided. The system may include
one or more processing circuits, an RFPA, and radio frequency coils. The one or more processing circuits may be
configured to generate a compensated radio frequency signal by performing, based on a preset compensation rule and
a set of compensation parameters, a gain compensation operation on an initial radio frequency signal to be amplified
by the RFPA for improving output stability of the RFPA. The RFPA may be configured to generate an amplified radio
frequency signal by amplifying the compensated radio frequency signal. The radio frequency coils may be configured
to generate, after being driven by the amplified radio frequency signal, a radio frequency magnetic field for imaging.
[0007] Additional features will be set forth in part in the description which follows, and in part will become apparent to
those skilled in the art upon examination of the following and the accompanying drawings or may be learned by production
or operation of the examples. The features of the present disclosure may be realized and attained by practice or use of
various aspects of the methodologies, instrumentalities, and combinations set forth in the detailed examples discussed
below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The presentdisclosure is further described in terms of exemplary embodiments. These exemplary embodiments
are described in detail with reference to the drawings. The drawings are not to scale. These embodiments are non-
limiting exemplary embodiments, in which like reference numerals represent similar structures throughout the several
views of the drawings, and wherein:

FIG. 1 is a schematic diagram illustrating an exemplary MRI system according to some embodiments of the present
disclosure;

FIG. 2 is a schematic diagram illustrating an exemplary MRI device according to some embodiments of the present
disclosure;

FIG. 3 is a schematic diagram illustrating hardware and/or software components of an exemplary computing device
according to some embodiments of the present disclosure;

FIG. 4 is a schematic diagram illustrating hardware and/or software components of an exemplary mobile device
according to some embodiments of the present disclosure;

FIG. 5 is a schematic diagram illustrating an exemplary device for improving output stability of an RFPA according
to some embodiments of the present disclosure;

FIG. 6 is a schematic diagram illustrating an exemplary connection between a device for improving output stability
of an RFPA and the RFPA according to some embodiments of the present disclosure;

FIG. 7 is a schematic diagram illustrating an exemplary transmission characteristic curve of a MOSFET according
to some embodiments of the present disclosure;

FIG. 8 is a schematic diagram illustrating exemplary gain curves of an RFPA according to some embodiments of
the present disclosure;

FIG. 9 is a schematic diagram illustrating an exemplary connection between a device for improving output stability
of an RFPA and the RFPA according to some embodiments of the present disclosure;

FIG. 10 is a schematic diagram illustrating an exemplary RF system according to some embodiments of the present
disclosure;

FIG. 11 a block diagram illustrating an exemplary processing device according to some embodiments of the present
disclosure; and

FIG. 12 is a flowchart illustrating an exemplary process for improving output stability of an RFPA according to some
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0009] In the following detailed description, numerous specific details are set forth by way of examples in order to
provide a thorough understanding of the relevant disclosure. However, it should be apparent to those skilled in the art
that the present disclosure may be practiced without such details. In other instances, well-known methods, procedures,
systems, components, and/or circuitry have been described at a relatively high-level, without detail, in order to avoid
unnecessarily obscuring aspects of the present disclosure. Various modifications to the disclosed embodiments will be
readily apparent to those skilled in the art, and the general principles defined herein may be applied to other embodiments
and applications without departing from the spirit and scope of the present disclosure. Thus, the present disclosure is
not limited to the embodiments shown, but to be accorded the widest scope consistent with the claims.

[0010] These and other features, and characteristics of the present disclosure, as well as the methods of operation
and functions of the related elements of structure and the combination of parts and economies of manufacture, may
become more apparent upon consideration of the following description with reference to the accompanying drawings,
all of which form a part of this disclosure. It is to be expressly understood, however, that the drawings are for the purpose
of illustration and description only and are not intended to limit the scope of the present disclosure. It is understood that
the drawings are not to scale.

[0011] The flowcharts used in the present disclosure illustrate operations that systems implement according to some
embodiments of the present disclosure. It is to be expressly understood the operations of the flowcharts may be imple-
mented notin order. Conversely, the operations may be implemented in an inverted order, or simultaneously. Moreover,
one or more other operations may be added to the flowcharts. One or more operations may be removed from the
flowcharts.

[0012] Provided herein are systems and components for medical imaging and/or medical treatment. In some embod-
iments, the medical system may include an imaging system. The imaging system may include a single modality imaging
system and/or a multi-modality imaging system. The single modality imaging system may include, for example, a magnetic
resonance imaging (MRI) system. Exemplary MRI systems may include a superconducting magnetic resonance imaging
system, a non-superconducting magnetic resonance imaging system, etc. The multi-modality imaging system may
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include, for example, an MRI device and another imaging device. In some embodiments, the medical system may include
atreatment system. The treatment system may include a treatment plan system (TPS), image-guide radiotherapy (IGRT),
etc. The image-guide radiotherapy (IGRT) may include a treatment device and an imaging device (e.g., an MRI device).
[0013] Insome embodiments, forillustration purposes, the MRI system including an RFPA is described in the following
description. Generally, there are multiple schemes, e.g., feedforward schemes, feedback schemes, negative feedback
schemes, predistortion schemes, etc., for improving the output stability of the RFPA. The feedforward scheme may
include determining a preset gain for compensating a gain of an input signal of the RFPA. Different input signals corre-
sponding to different input powers may correspond to the same preset gain. The feedback scheme may include directly
suppressing an input signal of the RFPA based on an output signal of the RFPA. For example, the feedback scheme
may include adjusting the input signal based on a difference between an input power corresponding to the input signal
and an output power corresponding to the output signal. The negative feedback scheme may include adjusting the input
signal by comparing the output signal and the input signal. The predistortion scheme may include a basic idea that
involves inserting a pre-distorter in front of the RFPA for non-linear correction, and aiming to create linearization of the
RFPA by using the pre-distorter and the RFPA in cascade. The curve characteristics of the predisorder may be reciprocal
to the curve characteristics of the RFPA. However, some of these schemes often do not consider the influence of gain
fluctuation of the RFPA on the compensation result of the input signal of the RFPA and/or a compensation effect or
compensation speed is not satisfactory. Thus, it is desirable to provide effective systems and methods for gain compen-
sation of the input signal of the RFPA, thereby improving output stability of the RFPA of the MRI system.

[0014] An aspect of the present disclosure relates to systems and methods for improving output stability of an RFPA.
The systems may obtain an initial radio frequency signal to be amplified by the RFPA. The systems may also generate
a compensated radio frequency signal by performing, based on a preset compensation rule and a set of compensation
parameters, a gain compensation operation for the initial radio frequency signal. The set of compensation parameters
includes a supply voltage of the RFPA and a transistor junction temperature of the RFPA. The systems may also generate,
by performing a non-linear correction on the compensated radio frequency signal, a corrected radio frequency signal,
which is transmitted to the RFPA.

[0015] According to some embodiments of the present disclosure, a gain compensation module may be designed and
added to perform the gain compensation for the initial radio frequency signal to be amplified by the RFPA, which can
compensate for an output power fluctuation of the RFPA that is caused by the set of compensation parameters, thereby
achieving a stable outputof the RFPA in different operating situations and improving the compensation effect for the RFPA.
[0016] FIG. 1 is a schematic diagram illustrating an exemplary MRI system 100 according to some embodiments of
the present disclosure. As illustrated, the MRI system 100 may include an MRI device 110, a network 120, a terminal
130, a processing device 140, and a storage device 150. The components of the MRI system 100 may be connected
in one or more of various ways. Merely by way of example, as illustrated in FIG. 1, the MRI device 110 may be connected
to the processing device 140 through the network 120. As another example, the MRI device 110 may be connected to
the processing device 140 directly (as indicated by the bi-directional arrow in dotted lines linking the MRI device 110
and the processing device 140). As a further example, the storage device 150 may be connected to the processing
device 140 directly or through the network 120. As still a further example, a terminal device (e.g., 131, 132, 133, etc.)
may be connected to the processing device 140 directly (as indicated by the bi-directional arrow in dotted lines linking
the terminal 130 and the processing device 140) or through the network 120.

[0017] The MRI device 110 may scan an object located within its detection region and generate a plurality of data
relating to the object. In the present disclosure, "subject" and "object" are used interchangeably. Merely by way of
example, the object may include a patient, a man-made object, etc. As another example, the object may include a specific
portion, organ, and/or tissue of a patient. For example, the object may include the head, the brain, the neck, the body,
a shoulder, an arm, the thorax, the heart, the stomach,a blood vessel, a soft tissue, a knee, a foot, or the like, or any
combination thereof. In some embodiments, the MRI device 110 may be a close-bore scanner or an open-bore scanner.
[0018] In the present disclosure, the X axis, the Y axis, and the Z axis shown in FIG. 1 may form an orthogonal
coordinate system. The X axis and the Z axis shown in FIG. 1 may be horizontal, and the Y axis may be vertical. As
illustrated, the positive x-direction along the X axis may be from the right side to the left side of the MRI device 110 seen
from the direction facing the front of the MRI device 110; the positive y-direction along the Y axis shown in FIG. 1 may
be from the lower part to the upper part of the MRI device 110; the positive z-direction along the Z axis shown in FIG.
1 may refer to a direction in which the object is moved out of the detection region (or referred to as the bore) of the MRI
device 110. More descriptions of the MRI device 110 may be found elsewhere in the present disclosure. See, e.g., FIG.
2 and the description thereof.

[0019] In some embodiments, the MRI device 110 may include a gantry 112 and a patient support 114 (e.g., along
the z-direction). In some embodiments, the gantry 112 may be configured to support magnets (e.g., the main magnet
201 in FIG. 2), coils (e.g., the gradient coils 202 and/or the radio frequency (RF) coils 203 in FIG. 2), etc. The gantry
112 may surround, around the z-direction, the object that is moved into or located within the detection region. In some
embodiments, the patient support 114 may be configured to support the object. In some embodiments, the patient



10

15

20

25

30

35

40

45

50

55

EP 4 120 563 A1

support 114 may have 6 degrees of freedom, for example, three translational degrees of freedom along three coordinate
directions (i.e., x-direction, y-direction, and z-direction) and three rotational degrees of freedom around the three coor-
dinate directions. Accordingly, the object may be positioned by the patient support 114 within the detection region. Merely
by way of example, the patient support 114 may move the object into the detection region along the z-direction in FIG. 1.
[0020] The network 120 may include any suitable network that can facilitate the exchange of information and/or data
forthe MRI system 100. In some embodiments, one or more components of the MRI system 100 (e.g., the MRI device
110, the terminal 130, the processing device 140, or the storage device 150) may communicate information and/or data
with one or more other components of the MRI system 100 via the network 120. In some embodiments, the network
120 may be any type of wired or wireless network, or a combination thereof.

[0021] The terminal 130 may include a mobile device 131, a tablet computer 132, a laptop computer 133, or the like,
or any combination thereof. In some embodiments, the mobile device 131 may include a smart home device, a wearable
device, a smart mobile device, a virtual reality device, an augmented reality device, or the like, or any combination
thereof. In some embodiments, the terminal 130 may remotely operate the MRI device 110 and/or the processing device
140. In some embodiments, the terminal 130 may operate the MRI device 110 and/orthe processing device 140 via a
wireless connection. In some embodiments, the terminal 130 may receive information and/or instructions inputted by a
user, and send the received information and/or instructions to the MRI device 110 or to the processing device 140 via
the network 120. In some embodiments, the terminal 130 may receive data and/or information from the processing
device 140. In some embodiments, the terminal 130 may be part of the processing device 140. In some embodiments,
the terminal 130 may be omitted.

[0022] The processingdevice 140 may process data and/or information obtained from the MRI device 110, the terminal
130, and/or the storage device 150. For example, the processing device 140 may obtain an initial radio frequency signal
to be amplified by an RFPA (e.g., an RFPA 207 as shown in FIG. 2) of the MRI device 110. The processing device 140
may generate a compensated radio frequency signal by performing, based on a preset compensation rule and a set of
compensation parameters, a gain compensation operation for the initial radio frequency signal. The set of compensation
parameters may include a supply voltage of the RFPA, a transistor junction temperature of the RFPA, an output power
of the RFPA, or the like, or any combination thereof. The processing device 140 may generate, by performing a non-
linear correction on the compensated radio frequency signal, a corrected radio frequency signal, which is transmitted to
the RFPA. In some embodiments, the processing device 140 may be a single server, or a server group. The server
group may be centralized or distributed. In some embodiments, the processing device 140 may be local or remote. In
some embodiments, the processing device 140 may be implemented on a cloud platform. Merely by way of example,
the cloud platform may include a private cloud, a public cloud, a hybrid cloud, a community cloud, a distributed cloud,
an inter-cloud, a multi-cloud, or the like, or any combination thereof. In some embodiments, the processing device 140
may be implemented by a computing device 200 having one or more components as illustrated in FIG. 2.

[0023] The storage device 150 may store data and/or instructions. In some embodiments, the storage device 150 may
store data obtained from the MRI device 110, the terminal 130 and/or the processing device 140. In some embodiments,
the storage device 150 may store data and/or instructions that the processing device 140 may execute or use to perform
exemplary methods described in the present disclosure. In some embodiments, the storage device 150 may include a
mass storage device, a removable storage device, a volatile read-and-write memory, a read-only memory (ROM), or
the like, or any combination thereof. In some embodiments, the storage device 150 may be implemented on a cloud
platform.

[0024] In some embodiments, the storage device 150 may be connected to the network 120 to communicate with one
or more components of the MRI system 100 (e.g., the MRI device 110, the processing device 140, the terminal 130,
etc.). One or more components of the MRI system 100 may access the data or instructions stored in the storage device
150 via the network 120. In some embodiments, the storage device 150 may be part of the processing device 140.
[0025] FIG. 2 is a schematic diagram illustrating an exemplary MRI device according to some embodiments of the
presentdisclosure. The magnetic resonance imaging (MRI) is a kind of tomography, which uses the magnetic resonance
phenomenon to obtain electromagnetic signals from a human body to reconstruct human body information. The MRI
device 110 may excite hydrogen nuclei in the human body by applying a radio frequency (RF) pulse of a specific frequency
to the human body in a static magnetic field, causing the hydrogen nuclei to resonate and absorb energy. After stopping
the RF pulse, the hydrogen nuclei may emit radio signals at a specific frequency and release the absorbed energy,
which is collected by a receiver outside the human body and processed by an electronic computer (e.g., the processing
device 140) to obtain an image, namely the magnetic resonance imaging. The magnetic resonance imaging completely
gets rid of the damage caused by ionizing radiation to the human body, and has the outstanding characteristics of multiple
parameters, large information, multidirectional imaging, high resolution to soft tissue, etc., which has been widely used
in various fields, especially in medical diagnosis and research.

[0026] As illustrated, the MRI device 110 may include a main magnet 201 configured to generate a first magnetic field
(or referred to as a main magnetic field) that may be applied to an object (also referred to as a subject) positioned inside
the first magnetic field. The main magnet 201 may include a resistive magnet or a superconductive magnet that both
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need a power supply (not shown in FIG. 2) for operation. Alternatively, the main magnet 201 may include a permanent
magnet. The main magnet 201 may form the detection region and surround, around the z-direction, the object that is
moved into or positioned within the detection region. The main magnet 201 may also control the homogeneity of the
generated main magnetic field. Some shim coils may be in the main magnet 201. The shim coils placed in the gap of
the main magnet 201 may compensate for the inhomogeneity of the magnetic field of the main magnet 201. The shim
coils may be energized by a shim power supply.

[0027] The MRI device 110 may include gradient coils 202 that are located inside the main magnet 201. For example,
the gradient coils 202 may be located in the detection region. The gradient coils 202 may surround, around the z-direction,
the object that is moved into or positioned within the detection region. The gradient coils 202 may be surrounded by the
main magnet 201 around the z-direction, and be closer to the object than the main magnet 201. The gradient coils 202
may generate a second magnetic field (or referred to as a gradient field, including gradient fields Gx, Gy, and Gz). The
second magnetic field may be superimposed on the main magnetic field generated by the main magnet 201 and distort
the main magnetic field so that the magnetic orientations of the protons of an object may vary as a function of their
positions inside the gradient field, thereby encoding spatial information into MR signals generated by the region of the
object being imaged. The gradient coils 202 may include X coils (e.g., configured to generate the gradient field Gx
corresponding to the x-direction), Y coils (e.g., configured to generate the gradient field Gy corresponding to the y-
direction), and/or Z coils (e.g., configured to generate the gradient field Gz corresponding to the z-direction) (not shown
in FIG. 2). The three sets of coils may generate three different magnetic fields that are used for position encoding. The
gradient coils 202 may allow spatial encoding of MR signals for image reconstruction. As used herein, the X-axis, the
Y-axis, the Z-axis, the x-direction, the y-direction, and the z-direction in the description of FIG. 2 are the same as or
similar to those described in FIG. 1.

[0028] In some embodiments, the MRI device 110 may include radio frequency (RF) coils 203 that are located inside
the main magnet 201 and serve as transmitters, receivers, or both. For example, the RF coils 203 may be located in the
detection region. The RF coils 203 may surround, around the z-direction, the object that is moved into or positioned
within the detection region. The RF coils 203 may be surrounded by the main magnet 201 and/or the gradient coils 202
around the z-direction, and be closer to the object than the gradient coils 202. The RF coils 203 may be a core component
of the MRI device 110 for achieving the MRI examination. The RF coils 203 may be configured to emit an RF pulse,
receive an MR signal, etc. The RF coils 203 may be in connection with RF electronics 209 that may be configured or
used as one or more integrated circuits (ICs) functioning as a waveform transmitter and/or a waveform receiver. The
RF electronics 209 may be connected to a radiofrequency power amplifier (RFPA) 207 and an analogto-digital converter
(ADC) 208. A pulse signal amplified by the RFPA 207 may be transmitted to the RF coils 203 for driving and/or controlling
the RF coils 203 to generate an RF magnetic field, thereby generating RF excitation for imaging.

[0029] When used as transmitters, the RF coils 203 may generate RF signals that provide a third magnetic field that
is utilized to generate MR signals related to the region of the object being imaged. The third magnetic field may be
perpendicular to the main magnetic field. A waveform generator 216 may generate an RF pulse. The RF pulse may be
amplified by an RFPA 207, processed by the RF electronics 209, and applied to the RF coils 203 to generate the RF
signals in response to a powerful current generated by the RF electronics 209 based on the amplified RF pulse.
[0030] Whenused asreceivers, the RF coils may be responsible for detecting MR signals (e.g., echoes). After excitation,
the MR signals generated by the object may be sensed by the RF coils 203. The receive amplifier then may receive the
sensed MR signals from the RF coils 203, amplify the sensed MR signals, and provide the amplified MR signals to the
ADC 208. The ADC 208 may transform the MR signals from analog signals to digital signals. The digital MR signals
then may be sent to the processing device 140 for sampling.

[0031] In some embodiments, the main magnet coil 201, the gradient coils 202, and the RF coils 203 may be circum-
ferentially positioned with respect to the object around the z-direction. It is understood by those skilled in the art that the
main magnet 201, the gradient coils 202, and the RF coils 203 may be situated in a variety of configurations around the
object.

[0032] In some embodiments, the RFPA 207 may amplify an RF pulse (e.g., the power of the RF pulse, the voltage
of the RF pulse) such that an amplified RF pulse is generated to drive the RF coils 203. The RFPA 207 may include a
transistor-based RFPA, a vacuum tube-based RFPA, or the like, or any combination thereof. The transistor-based RFPA
may include one or more transistors. The vacuum tube-based RFPA may include a triode, a tetrode, a klystron, or the
like, or any combination thereof. In some embodiments, the RFPA 207 may include a linear RFPA or a non-linear RFPA.
In some embodiments, the RFPA 207 may include one or more RFPAs. In some embodiments, the peak power of the
RFPA 207 may be greater than 8 kilowatts (kW). For example, the peak power of the RFPA 207 may be 20 kW, 30 kW,
50 kW, etc. In some embodiments, the RFPA 207 may include multiple transistors that are connected in series and/or
in parallel to generate sufficient power.

[0033] In some embodiments, the MRI device 110 may include one or more processing circuits (not shown) that are
operably connected with the waveform generator 216 and the RFPA 207 for improving the output stability of the RFPA
207. For example, the one or more processing circuits may be set between the waveform generator 216 and the RFPA
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207. The one or more processing circuits may include one or more hardware circuits such as an integrated circuit (e.g.,
an application-specific integrated circuit (ASIC), a field-programmable gate array (FPGA), etc.). The one or more process-
ing circuits may be configured to perform gain compensation operation and non-liner correction operation for the RF
pulse (also referred to as an initial RF signal) generated by the waveform generator 216 and transmit the processed RF
pulse to the RFPA 207 for amplified, such that the RFPA 207 may achieve stable output. In some embodiments, the
one or more processing circuits may be implemented as a processing module. Alternatively, the one or more processing
circuits may be implemented as one or more processing modules. For example, the one or more processing circuits
may be implemented as a gain compensation module and a non-linear correction module. The gain compensation
module may be configured to generate a compensated RF pulse (also referred to as a compensated RF signal) by
performing, based on a preset compensation rule and a set of compensation parameters, a gain compensation operation
for the initial RF signal. The non-linear correction module may be configured to generate, by performing a non-linear
correction operation on the compensated RF pulse (also referred to as a compensated RF signal), a corrected RF pulse
(also referred to as a corrected RF signal). Alternatively, the waveform generator 216 may transmit the initial RF signal
to atleast one processor (e.g., the processing device 140) of the MRI system 100 for signal processing, and the RFPA207
may receive the processed RF signal from the processor of the MRI system 100 for amplifying. For example, the waveform
generator 216 may transmit the initial RF signal to the processing device 140. The processing device 140 may perform
the gain compensation operation and the non-linear correction on/for the initial RF signal to generate the corrected RF
signal, which is transmitted to the RFPA 207. The RFPA 207 may receive the corrected RF signal from the processing
device 140. More descriptions regarding the gain compensation operation and the non-linear correction operation may
be found elsewhere in the present disclosure (e.g., FIGs. 5-10 and relevant descriptions thereof).

[0034] FIG. 3 is a schematic diagram illustrating exemplary hardware and/or software components of a computing
device on which the processing device 140 may be implemented according to some embodiments of the present dis-
closure. As illustrated in FIG. 3, the computing device 300 may include a processor 310, a storage 320, an input/output
(I/0) 330, and a communication port 340.

[0035] The processor 310 may execute computer instructions (program code) and perform functions of the processing
device140 in accordance with techniques described herein. In some embodiments, the processor 310 may include a
microcontroller, a microprocessor, a reduced instruction set computer (RISC), an application specific integrated circuits
(ASICs), an application-specific instruction-set processor (ASIP), a central processing unit (CPU), a graphics processing
unit (GPU), a physics processing unit (PPU), a microcontroller unit, a digital signal processor (DSP), a field programmable
gate array (FPGA), an advanced RISC machine (ARM), a programmable logic device (PLD), any circuit or processor
capable of executing one or more functions, or the like, or any combinations thereof.

[0036] Merely for illustration purposes, only one processor is described in the computing device 300. However, it
should be noted that the computing device 300 in the present disclosure may also include multiple processors, and thus
operations of a method that are performed by one processor as described in the present disclosure may also be jointly
or separately performed by the multiple processors. For example, if in the present disclosure the processor of the
computing device 300 executes both operations A and B, it should be understood that operations A and step B may
also be performed by two different processors jointly or separately in the computing device 300 (e.g., a first processor
executes operation A and a second processor executes operation B, or the first and second processors jointly execute
operations A and B).

[0037] Merely by way example, the processor 310 may receive instructions to follow an MRI scan protocol for imag-
ing/scanning the object. For example, the processor 310 may cause the patient support 114 of the MRI device 110 to
move the object to a proper position within the bore of the MRI device 110. As another example, the processor 310 may
also provide certain control signals to control the main magnet 201 to generate a main magnetfield with a specific strength.
[0038] The processor 310 may receive control signals to set the shape, amplitude, and/or timing of the gradient
waveforms and/or the RF waveforms, and send the set parameters to the waveform generator 216 to instruct the
waveform generator 216 to generate a particular gradient waveform sequence and pulse sequence that are to be applied
to the gradient coils 202 and the RF coils 203 through the amplifiers 204-207, respectively.

[0039] The processor 310 may also sample data (e.g., echoes) from the RF coils 203 based on one or more sampling
parameters including, e.g., timing information (e.g., the length of data acquisition), the type of k-space data acquisition
(e.g., undersampling, oversampling, etc.), sampling trajectory (e.g., Cartesian trajectory, non-Cartesian trajectory such
as spiral trajectory, radial trajectory), or the like, or a combination thereof. In some embodiments, the timing information
may be input by a user (e.g., an operator) or autonomously determined by the MRI system 100 based on one or more
other parameters (e.g., clinical needs) of an imaging process. The timing information may correspond to the type of the
gradient and RF waveforms that are sent to the gradient coils 202 and the RF coils 203, respectively, so that the MR
signals are correctly sampled. The processor 310 may also generate an MR image by reconstructing the sampled data.
[0040] The storage 320 may store data/information obtained from the MRI device 110, the terminal 130, the storage
device 150, or any other component of the MRI system 100. In some embodiments, the storage 320 may include a mass
storage device, a removable storage device, a volatile read-and-write memory, a read-only memory (ROM), or the like,



10

15

20

25

30

35

40

45

50

55

EP 4 120 563 A1

or any combination thereof. In some embodiments, the storage 320 may store one or more programs and/or instructions
to perform exemplary methods described in the present disclosure. For example, the storage 320 may store a program
for the processing device 140 for determining the corrected RF signal corresponding to the initial RF signal.

[0041] The I/O 330 may input or output signals, data, or information. In some embodiments, the 1/0 330 may enable
user interaction with the processing device 140. In some embodiments, the I/O 330 may include an input device and an
output device. Exemplary input devices may include a keyboard, a mouse, a touch screen, a microphone, a trackball,
or the like, or a combination thereof. Exemplary output devices may include a display device, a loudspeaker, a printer,
a projector, or the like, or a combination thereof. Exemplary display devices may include a liquid crystal display (LCD),
a light-emitting diode (LED)-based display, a flat panel display, a curved screen, a television device, a cathode ray tube
(CRT), or the like, or a combination thereof.

[0042] The communication port 340 may be connected to a network (e.g., the network 120) to facilitate data commu-
nications. The communication port 340 may establish connections between the processing device140 and the MRI
device 110, the terminal 130, or the storage device 150. The connection may be a wired connection, a wireless connection,
or a combination of both that enables data transmission and reception. In some embodiments, the communication port
340 may be a standardized communication port, such as RS232, RS485, etc. In some embodiments, the communication
port 340 may be a specially designed communication port. For example, the communication port 340 may be designed
in accordance with the digital imaging and communications in medicine (DICOM) protocol.

[0043] FIG. 4 is a schematic diagram illustrating exemplary hardware and/or software components of a mobile device
on which the terminal 130 may be implemented according to some embodiments of the present disclosure. As illustrated
in FIG. 4, the mobile device 400 may include a communication platform 410, a display 420, a graphic processing unit
(GPU) 430, a central processing unit (CPU) 440, an I/O 450, a memory 460, and a storage 490. In some embodiments,
any other suitable component, including but not limited to a system bus or a controller (not shown), may also be included
in the mobile device 400. In some embodiments, a mobile operating system 470 (e.g., iOS, Android, Windows Phone,
etc.) and one or more applications 480 may be loaded into the memory 460 from the storage 490 in order to be executed
by the CPU 440. The applications 480 may include a browser or any other suitable mobile apps for receiving and
rendering information relating to signal processing or other information from the processing device 140. User interactions
with the information stream may be achieved via the I/O 450 and provided to the processing device140 and/or other
components of the MRI system 100 via the network 120.

[0044] To implement various modules, units, and their functionalities described in the present disclosure, computer
hardware platforms may be used as the hardware platform(s) for one or more of the elements described herein. The
hardware elements, operating systems and programming languages of such computers are conventional in nature, and
it is presumed that those skilled in the art are adequately familiar therewith to adapt those technologies to the blood
pressure monitoring as described herein. A computer with user interface elements may be used to implement a personal
computer (PC) or another type of work station or terminal device, although a computer may also act as a server if
appropriately programmed. It is believed that those skilled in the art are familiar with the structure, programming and
general operation of such computer equipment and as a result the drawings should be selfexplanatory.

[0045] FIG.5isaschematicdiagramillustratinganexemplary device forimproving output stability of an RFPA according
to some embodiments of the present disclosure. As shown in FIG. 5, the device 510 for improving output stability of an
RFPA (e.g., the RFPA207) may include a gain compensation module 511, a non-liner correction module 512, or the
like, or any combination thereof. As used herein, the gain compensation module 511 and the non-liner correction module
512 may be implemented by one or more processing cuircuits that are operably connected with the RFPA. For example,
the gain compensation module 511 may be implemented by a first processing circuirt, and the non-linear correction
module 512 may be implemented by a second processing circuit. The first processing circuit and/or the second processing
circuit may include an integrated circuit (e.g., an application-specific integrated circuit (ASIC), a field-programmable gate
array (FPGA), etc.).

[0046] In some embodiments, the device 510 may be set at an input interface of the RFPA (e.g., be set between the
RFPA207 and the waveform generator 216). For example, as shown in FIG. 6, the gain compensation module 511 and
the non-linear correction module 512 may be set at an input interface of an RFPA 610. Alternatively, the device 510
may be integrated with the RFPA (e.g., the RFPA) as a part of the RFPA. It should be noted that the relative position
between the device 510 and the RFPA is not limited herein. For example, a portion (e.g., the non-liner correction module
512) of the device 510 may be integrated with the RFPA and another portion (e.g., the gain compensation module 511)
of the device 510 may be separately set with the RFPA. As another example, the gain compensation module 511 may
be operably connected with the RFPA and the non-linear correction module 512 respectively. As still another example,
the non-linear correction module 512 may be operably connected with the RFPA and the gain module 511 respectively.
[0047] The gain compensation module 511 may be configured to perform a gain compensation operation for an RF
signal to be amplified by the RFPA (e.g., the RFPA 207). In some embodiments, the gain compensation module 511
may include a programmable gain amplifier. The programmable gain amplifier may obtain an RF input 501 (e.g., from
the waveform generator 216). The programmable gain amplifier may generate a compensated RF signal by performing,
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based on a preset compensation rule and a set of compensation parameters, a gain compensation operation forthe RF
input 501. The RF input 501 may refer to an initial RF signal (e.g., an initial RF pulse) to be amplified by the RFPA. For
example, the RF input 501 may be a pulse signal (e.g., a pulse modulated signal). As another example, the frequency
of the RF input 501 may be in a range from 10 megahertz to 1000 megahertz (i.e., 10 MHz - 1000 MHz), e.g., 30 MHz,
90 MHz, 120 MHz, 300 MHz, 500 MHz, 720 MHz, etc. The set of compensation parameters may include a supply voltage
of the RFPA, a transistor junction temperature of the RFPA, an output power of the RFPA, or the like, or any combination
thereof. The preset compensation rule may include a series of mappings between a gain compensation quantity and
the set of compensation parameters. In some embodiments, the gain compensation module 511 may directly transmit
the compensated RF signal to the RFPA for amplification. For example, the gain compensation module 511 may directly
transmit the compensated RF signal to the input interface of the RFPA. Alternatively, the gain compensation module
511 may transmit the compensated RF signal to the non-linear correction module 512 for non-linear correction and the
corrected RF signal may further be transmitted to the RFPA for amplification. More descriptions regarding the gain
compensation operation may be found elsewhere in the present disclosure (e.g., FIG. 6 and relevant descriptions thereof.
[0048] The non-linear correction module 512 may be configured to perform a non-linear correction operation on an
RF signal to be amplified by the RFPA. For example, the non-linear correction module 512 may adjust the initial RF
signal to be amplified by the RFPA (e.g., the RF input 501) to determine a corrected RF signal that is transmitted to the
RFPA. As another example, the non-linear correction module 512 may adjust the compensated RF signal generated by
the gain compensation module 511 to generate a corrected RF signal (e.g., an RF output 502) that is transmitted to the
RFPA. In some embodiments, the non-linear correction module 512 may be achieved by a predistortion scheme, a
feedback scheme, etc. Generally, to achieve high image quality, the MRI system 100 orthe MRI device 110 is needed
to have a desired linearity of radio frequency over a large dynamic range. However, the RFPA may be a non-linear
device whose output signal has large non-linear distortion. According to some embodiments of the present disclosure,
the non-linear correction module 512 and the RFPA may form a linear amplification system, such that the input signal
and the output signal of the RFPA can keep a linear relation, thereby avoiding or reducing the non-linear distortion.
[0049] It should be noted that the above description regarding the device 510 is merely provided for the purposes of
illustration, and not intended to limit the scope of the present disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure. In some embodiments, the device
510 may not include the non-linear correction module 512. In some embodiments, the device 510 may include one or
more additional components. In some embodiments, functions of the first processing circuit and the second processing
circuit may be implemented by a same processing circuit.

[0050] FIG. 6 is a schematic diagram illustrating an exemplary connection between a device for improving output
stability of an RFPA and the RFPA according to some embodiments of the present disclosure. As shown in FIG. 6, the
device for improving output stability of the RFPA 610 may include a gain compensation module 611 and a non-linear
correction module 612. The non-linear correction module 612 may be connected with the gain compensation module
611 and the RFPA 610 separately.

[0051] As described in connection with FIG. 2, the RFPA 610 is a core component of an MRI device (e.g., the MRI
device 110). The MRI device requires optimum performance of the RFPA 610, and the instantaneous power of the RFPA
610 may reach a power greater than 10 kW. Usually, the RFPA 610 includes multiple transistors (e.g., metaloxide-
semiconductor field-effect transistors (MOSFETS)) that are connected in series and/or in parallel to generate sufficient
power. The RFPA needs to ensure stable gain to achieve desired imaging effects of the MRI device. As a gain of a
MOSFET is non-linear, the gain of the RFPA 610 needs to be compensated to ensure the gain stability of the RFPA 610.
[0052] FIG. 7 is a schematic diagram illustrating an exemplary transmission characteristic curve of a MOSFET ac-
cording to some embodiments of the present disclosure. Data in the transmission characteristic curve of the MOSFET
was detected in a preset detection condition that is determined by a manufacture of the MOSFET. As shown in FIG. 7,
the horizontal axis of the transmission characteristic curve denotes a gate-to-source voltage (i.e., Vgs) of the MOSFET,
and the vertical axis of the transmission characteristic curve denotes a drain current (also referred to as a supply current)
of the MOSFET. A unit of the gate-to-source voltage of the MOSFET is volt (V). A unit of the drain current of the MOSFET
is ampere (A). The Vgs of the MOSFET may reflect an input power of the MOSFET. For example, the higher the Vgs
of the MOSFET is, the higher the input power of the MOSFET can be. The drain current of the MOSFET may reflect an
output power of the MOSFET. For example, the drain current of the MOSFET may be positively correlated and non-
linear with the output power of the MOSFET. The higher the drain current of the MOSFET is, the higher the output power
of the MOSFET can be. FIG. 7 illustrates relations between the Vgs of the MOSFET and the drain current of the MOSFET
when the MOSFET is under different temperatures (TJ-). A unit of the temperature is degree Celsius (°C). As shown in
FIG. 7, curves relating to the Vgs of the MOSFET and the drain current of the MOSFET are different when the MOSFET
is at different temperatures. Accordingly, the input power of the MOSFET and the output power of the MOSFET may
demonstrate different relations when the MOSFET is at different temperatures, indicating that the temperature may
affect the relationship between the input power of the MOSFET and the output power of the MOSFET (i.e., affect the
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gain of the MOSFET). In addition, FIG. 7 shows that when the Vgs of the MOSFET is lower than a certain volt or the
drain current of the MOSFET is lower than a certain ampere, the drain current of the MOSFET is positively correlated
to the temperature of the MOSFET, which indicates that when the input power of the MOSFET is lower than a certain
input power or the output power of the MOSFET is lower than a certain output power, the output power of the MOSFET
may be positively correlated to the temperature of the MOSFET. FIG. 7 also shows that when the Vgs of the MOSFET
is higher than the certain volt or the drain current of the MOSFET is higher than the certain ampere, the drain current of
the MOSFET is negatively correlated to the temperature of the MOSFET, which indicates that when the input power of
the MOSFET is higherthan the certain input power orthe output power of the MOSFET is higher than the certain output
power, the output power of the MOSFET may be negatively correlated to the temperature of the MOSFET. In some
embodiments, the temperature of the MOSFET used herein may refer to a junction temperature of the MOSFET . As
used herein, the junction temperature refers to an actual maximum temperature of a semiconductor in an electronic
device, which is usually higherthan the surface temperature of the semiconductor. In some embodiments, the RFPA
610 may include a transistor junction temperature. The transistor junction temperature of the RFPA 610 may reflect the
junction temperature of one or more transistors in the RFPA 610. The transistor junction temperature of the RFPA 610
may be related to an ambient temperature, a pluse amplitude of the RFPA 610, a duty cycle of the RFPA 610, or the
like, or any combination thereof. The duty cycle refers to the fraction of one period in which a signal or system (e.g., an
output signal of the RFPA 610 or the RFPA 610) is active. The duty cycle may be expressed as a ratio or a percentage.
For exmaple, a 60% duty cycle refers a signal is on 60% of the time but off 40% of the time. Under the same heat
disspation condition, the higher the ambient tempature, the pluse amplitude, and/or the duty cycle, the higher the junction
temperature may be. When the transistor junction temperature of the RFPA 610 rises or increases, the gain of the RFPA
610 may change, further affecting the reliability and stability of the MRI device including the RFPA 610. Thus, not only
the temperature (e.g., the transistor junction temperature) but also the power (e.g., the input and/or output power) of the
MOSFET may affect the gain of the MOSFET, i.e., affect the gain of RFPA 610. In some embodiments, when the
MOSFET operates under different frequencies (e.g., in a bandwidth range from 10 MHz to 1000 MHz), the MOSFET
may correspond to different gains. Acoording, the frequency of the RF signal to be amplified by the RFPA 610 may affect
the gain of the RFPA 610.

[0053] FIG. 8 is a schematic diagram illustrating exemplary gain curves of an RFPA according to some embodiments
of the present disclosure. As shown in FIG. 8, when a supply voltage of the RFPA 610 is 48 V, the gain curve of the
RFPA 610 corresponds to curve A. When the supply voltage of the RFPA 610 is 55 V, the gain curve of the RFPA 610
corresponds to curve B. When the supply voltage of the RFPA610 is 60 V, the gain curve of the RFPA610 corresponds
to curve C. When the supply voltage of the RFPA 610 is 65 V, the gain curve of the RFPA 610 corresponds to curve D.
FIG. 8 shows that the gain curves of the RFPA 610 are not consistent when the RFPA 610 is at different supply voltages.
Thus, the supply voltage of the RFPA 610 may affect the gain of the RFPA.

[0054] According to the descriptions of FIGs. 7 and 8, the temperature, the power, and the supply voltage of the RFPA
610 may cause gain fluctuation of the RFPA 610, which may need to be compensated to ensure gain stability of the
RFPA 610. However, the general non-linear correction schemes may not compensate for the gain fluctuation or not
reach desired compensation effect, resulting in an unstable output of the RFPA. Accordingly, before an RF input 601 is
transmitted to the RFPA 610, the gain compensation module 611 may generate a compensated RF signal by performing,
based on a preset compensation rule and a set of compensation parameters, a gain compensation operation for the RF
input 601, which can improve output stability of the RFPA 610. The RF input 601 may be an initial RF signal to be
amplified by the RFPA 610, which is similar to the RF input 501 as described in FIG. 5. The set of compensation
parameters may include a supply voltage (denoted by V 604) of the RFPA 610, the transistor junction temperature
(denoted by T 606) of the RFPA 610, the power (e.g., the output power denoted by Pout 605) of the RFPA 610, a drain
current (e.g., denoted by | 603) of the RFPA 610, a frequency of the RF input 601 of the RFPA 610, or the like, or any
combination thereof. As used herein, the supply voltage of the RFPA 610 refers to a voltage of the RFPA 610. The
transistor junction temperature of the RFPA 610 is designated to be a sum of an ambient temperature and a transistor
junction temperature rise of the RFPA 610. The power of the RFPA 610 may include the input power and/or the output
power of the RFPA. The preset compensation rule may include a gain compensation table, a gain compensation function,
a gain compensation model (e.g., a machine learning model), etc., that reflect a series of mapping relationships between
a gain compensation quantity of the RFPA 610 and the set of compensation parameters. As used herein, the gain of
the RFPA 610 may refer to a difference between the input power and the output power, and the gain compensation
quantity of the RFPA 610 may refer to a difference between the gain of the RFPA 610 and a desired gain. Different
supply voltages, different transistor junction temperatures, and different output powers may correspond to different gain
compensation quantities. The gain compensation table may list the series of mapping relationships between the gain
compensation quantity of the RFPA 610 and the set of compensation parameters. The gain compensation function may
include one or more polynomials that incorporate the gain compensation quantity and the set of compensation parameters.
The gain compensation model may be configured to output the gain compensation quantity of the RFPA 610 based on
an input of the set of compensation parameters. For example, the gain compensation module 611 may determine a gain
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compensation quantity based on the preset compensation rule and the set of compensation parameters. The gain
compensation module 611 may generate the compensated RF signal based on the gain compensation quantity and the
RF input 601.

[0055] In some embodiments, the series of mapping relationships between the gain compensation quantity of the
RFPA 610 and the set of compensation parameters may be pre-determined based on experimental results and/or
simulation results. For example, multiple gain curves when the RFPA 610 is at different sets of compensation parameters
may be tested or simulated to determine different gain compensation quantities corresponding to the different sets of
compensation parameters. In some embodiments, a gain compensation quantity corrspodning to a specific set of com-
pensation parameters may be determined baed on an power (e.g., an input power and an output power) of the RFPA
610 when the RFPA 610 is under the spefific set of compensation paramets. For example, a gain of the RFPA 610 may
be determined by the output power of the RFPA 610 minus the input power of the RFPA 610. The gain compensation
quantity of the RFPA 610 may be determined based on the gain of the RFPA 610 and a desired gain (i.e., a constant
gain under different sets of compensation parameters). For example, the gain compensation quantity of the RFPA 610
may be determined by the desired gain minus the gain of the RFPA 610. Then, the gain compensation table may be
determined (or established) based on the different gain compensation quantities corresponding to the different sets of
compensation parameters. Then, the gain compensation module 611 may retrieve and query the gain compensation
table based on the set of compensation parameters to determine the gain compensation quality corresponding to the
set of compensation parameters for compensating the RF input 601. As another example, the series of mapping rela-
tionships between the gain compensation quantity and the set of compensation parameters are determined by data
fitting, based on a function (e.g., the gain compensation function) that incorporates the gain compensation quantity and
the set of compensation parameters. Similar to the determination of the gain compensation table, multiple gain curves
when the RFPAB10 is at different sets of compensation parameters may be tested or simulated to determine different
gain compensation quantities corresponding to the different sets of compensation parameters. The gain compensation
function that incorporates the gain compensation quantity and the set of compensation parameters may be determined
(e.g., fitted) based on the different gain compensation quantities corresponding to the different sets of compensation
parameters. Then, the gain compensation module 611 may retrieve the gain compensation function and calculate the
gain compensation quantity based on the set of compensation parameters for compensating the RF input 601.

[0056] Insome embodiments, the gain compensation module 611 may determine a first compensation quantity based
on the supply voltage of the RFPA 610 and the output power of the RFPA 610. For instance, first gain quantities may
be tested/detected at different supply voltages of the RFPA 610 when the temperature (e.g., the ambient temperature)
keeps constant or not changed, which is similar to FIG. 8. The more the gain curves are tested, the more accurate the
gain compensation quantity may de determined. A first compensation function may be determined by data fitting based
on the first gain quantities corresponding to the different voltages. The first compensation function may be denoted as
81 =f(v, Pout). 31 denotes a first gain quantity of the RFPA 610, v denotes a supply voltage of the RFPA 610, and Pout
denotes an output power of the RFPA 610. In some embodiments, to improve fitting accuracy, the first compensation
function may be fitted out using subsection fitting and include multiple segments. For example, when Pout is equal to
or less than a first power (denoted by P1), the first gain quantity may be designated to be O (i.e., Pout<P1, 81=0). When
Pout is greaterthan the first power and equal to or less than a second power (denoted by P2), the first gain quantity may
be designated to be 0.0024*(159-v)*(Pout-65.7) (i.e., P1<Pout<P2, §1=0.0024*(159-v)*(Pout-65.7)). When Poutis great-
er than the second power, the first gain quantity may be designated to be 0.0121*(159-v)*(Pout-0.066*Vv-
59.28)+0.013*(159-v)*(0.036*v-4.23) (i.e., P2<Pout, 61=0.0121*(159-v)*(Pout-0.066*v-59.28)+0.013*(159-v)*(0.036*v-
4.23)). Then, the gain compensation module 611 may determine the first gain quantity based on the first compensation
function, the supply voltage 604 of the RFPA 610, and the output power 605 and designate the first gain quantity as the
first compensation quantity.

[0057] In some embodiments, the gain compensation module 611 may determine a second compensation quantity
based on the output power of the RFPA 610 and the transistor junction temperature of the RFPA 610. For instance,
second gain quantities may be tested/detected at different junction temperatures of the transistor in the RFPA 610 when
the supply voltage keeps constant or does not changed. A second compensation function may be determined by data
fitting based on the second gain quantities corresponding to the different junction temperatures. The second compen-
sation function may be denoted as 52 = f(T;, Pout). 52 denotes a second gain quantity of the RFPA 610, Tj denotes a
transistor junction temperature of the RFPA 610, and Pout denotes the output power of the RFPA 610. A mapping
relationship between the second gain quantity and the junction temperature and the output power may be designated
as Equation (1) as follows:

02=-0.98-0.52*Tj+0.66*Pout+0.1*Tj*2+0.21*Tj*Pout-0.06*Pout"2-0.09*Tj*2*Pout. ~ (1)

[0058] Then, the gain compensation module 611 may determine the second gain quantity based on the second
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compensation function, the junction temperature 606 of the transistor in the RFPA 610, and the output power 605 and
designate the second gain quantity as the first compensation quantity. Further, the gain compensation module 611 may
determine the gain compensation quantity based on the first compensation quantity and the second compensation
quantity. For example, the gain compensation module 611 may designate a sum of the first compensation quantity and
the second compensation quantity as the gain compensation quantity (i.e., 31+52) for generating the compensated RF
signal. As another example, the gain compensation module 611 may designate a product of the the first compensation
quantity and the second compensation quantity as the gain compensation quantity (i.e., §1*52) for generating the com-
pensated RF signal.

[0059] The non-linear correction module 612 may generate a corrected RF signal by performing a non-linear correction
operation on the compensated RF signal and transmitting the corrected RF signal to the RFPA 610. The non-linear
correction module 612 may be the same as or similar to the non-linear correction module 512. The compensated RF
signal may be similar to the RF output 502. Further, the RFPA 610 may amplify the corrected RF signal to generate an
RF output 602. The RF output 602 may be an amplified RF pulse that is transmitted to RF coils of the MRI device (e.g.,
the RF coils 203 of the MRI device 110) for driving and/or controlling the RF coils to generate an RF magnetic field for
imaging.

[0060] According to some embodiments of the present disclosure, the gain compensation module 611 may cooperate
with the non-linear correction module 612 to form the device for improving output stability of the RFPA 610. The gain
compensation module 611 may compensate for the RF input 601 based on the preset compensation rule and the set
of compensation parameters, such that the output power fluctuation of the RFPA 610 that is caused by the set of
compensation parameters may be compensated and improved, thereby achieving a stable output of the RFPA 610 in
different operating situations and improving the compensation effect for the RFPA 610.

[0061] It should be noted that the above description regarding the process 700 is merely provided for the purposes of
illustration, and not intended to limit the scope of the present disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure. In some embodiments, the non-
linear correction module 612 may be omitted. The compensated RF signal may be directly transmitted to the RFPA 610
for amplification.

[0062] In some embodiments, the gain compensation module 611 may be divided into two or more units for imple-
menting functions of the gain compensation module 611. Merely by way of example, as shown in FIG. 9, the gain
compensation module 611 may include a parameter obtaining unit (also referred to as a signal collection unit) 6111 and
a compensation quantity determination unit 6112. The parameter obtaining unit 6111 may be operably connected with
the compensation quantity determination unit 6112

[0063] The parameter obtaining unit 6111 may be configured to obtain the set of parameters. For example, the pa-
rameter obtaining unit 6111 may include a supply voltage obtaining sub-unit configured to obtain or collect the supply
voltage (e.g., V 604) of the RFPA 610. The supply voltage obtaining sub-unit may obtain the supply voltage of the RFPA
610 by an analog to digital converter (ADC). As another example, the parameter obtaining unit 6111 may include a
power obtaining sub-unit configured to obtain the power of the RFPA 610. The power of the RFPA 610 may include the
input power and/or the output power of the RFPA 610. The power obtaining sub-unit may include a power detection unit
such as an RF detection chip AD8310. Alternatively, the power obtaining sub-unit may determine (e.g., calculate) the
power of the RFPA 610 based on the supply voltage and/or the drain current (e.g., | 603) of the RFPA 610 that are
detected by the ADC (e.g., by performing digital signal processing on the supply voltage and/or the drain current (e.g.,
1 603) of the RFPA 610 that are detected by the ADC).

[0064] As still another example, the parameter obtaining unit 6111 may include a temperature obtaining sub-unit. The
temperature obtaining sub-unit may be configured to obtain the ambient temperature of the RFPA 610 that is detected
by e.g., a temperature and humidity sensor. The temperature obtaining sub-unit may also be configured to determine
the transistor junction temperature of the RFPA 610 based on the ambient temperature and a transistor junction tem-
peraturerise ofthe RFPA 610. The transistor junction temperature rise of the RFPA 610 may be detected by a temperature
sensor (e.g., the temperature and humidity sensor). Alternatively, the temperature obtaining sub-unit may determine
(e.g., calculate) the transistor junction temperature rise based on a power dissipation of the RFPA 610 and an equivalent
thermal resistance of the RFPA 610. For example, the temperature obtaining sub-unit may determine the power dissi-
pation of the RFPA 610 based on the output power (e.g., Pout 605) of the RFPA610, the supply voltage (e.g., V604) of
the RFPA 610, and the drain current (e.g., | 603) of the RFPA610 according to Equation (2) as follows:

Ploss=Vin*lin-Pout, 2

where Ploss denotes the power dissipation of the RFPA 610 a unit of which is w, Vin denotes the supply voltage of the
RFPA 610 a unit of which is v, lin denotes the drain current of the RFPA 610 a unit of which is A, and Pout denotes the
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output power of the RFPA 610 a unit of which is w. Further, the temperature obtaining sub-unit may determine the
junction temperature rise of the transistor in the RFPA 610 based on the power dissipation of the RFPA 610 according
to Equation (3) as follows:

AT=R*Ploss, 3)

where AT denotes the junction temperature rise of the transistor in the RFPA 610, and R denotes the equivalent thermal
resistance of the RFPA 610 a unit of which is ohm (Q). Further, the temperature obtaining sub-unit may determine a
sum of the ambient temperature and the junction temperature rise as the transistor junction temperature of the RFPA
610. It should be noted that the transistor junction temperature of the RFPA 610 may be determined based on any other
manner (e.g., a thermoelectric parameter manner and an electrothermal coupling model junction temperature measure-
ment manner, etc.).

[0065] FIG. 10 is a schematic diagram illustrating an exemplary RF system according to some embodiments of the
present disclosure. As shown, the RF system may include a device 1010 for improving output stability of an RFPA 1020,
the RFPA 1020, RF coils 1030, or the like, or any combination thereof. The RFPA 1020 may be connected with the
device 1010 and the RF coils 1030. The device 1010 may be the same as or similar to the device 510. The device 1010
may include a gain compensation module 1011, which is similar to the gain compensation 511 and the gain compensation
module 611. An RF input 1001 may be compensated by the device 1010 and transmitted to the RFPA 1020. The RFPA
1020 may amplify the compensated RF signal and transmit the amplified RF signal to the RF coils 1030. The RF coils
1030 may be driven by the amplified RF signal to generate an RF magnetic field (i.e., an RF output 1002) for imaging.
By connecting the RFPA 1020 with the device 1010, the RFPA 1020 may achieve stable output in different operating
situations.

[0066] FIG.11 is a block diagram illustrating an exemplary processing device according to some embodiments of the
present disclosure. As described in connection with FIG. 2, the processing device 140 may be operably connected with
the waveform generator 216 and the RFPA 207 for gain compensation and/or non-liner correction of an RF signal. As
shown in FIG. 11, the processing device 140 may include an obtaining module 1101, a gain compensation module 1103,
a non-linear correction module 1105, etc.

[0067] The obtaining module 1101 may be configured to obtain an initial RF signal to be amplified by the RFPA207.
For example, the initial RF signal may be generated by the waveform generator 216, and the obtaining module 1101
may obtain the initial RF signal from the waveform generator 216. In some embodiments, the initial RF signal may be
the same as or similar to the RF input 501, the RF input 601, or the RF input 1001, which is not repeated herein.
[0068] The gain compensation module 1103 may be configured to compensate for the initial RF signal. For example,
the gain compensation module 1103 may generate a compensated RF signal by performing, based on a preset com-
pensation rule and a set of compensation parameters, a gain compensation operation for the initial RF signal. The preset
compensation rule may include a series of mappings between a gain compensation quantity and the set of compensation
parameters. The set of compensation parameters may include a supply voltage of the RFPA 207, a transistor junction
temperature of the RFPA 207, an output power of the RFPA 207, or the like, or any combination thereof. More descriptions
regarding the gain compensation operation may be found elsewhere in the present disclosure (e.g., FIG. 6 and relevant
descriptions thereof).

[0069] The non-linear correction module 1005 may be configured to correct the initial RF signal orthe compensated
RF signal. For example, the non-linear correction module 1005 may generate, by performing a non-linear correction
operation on the compensated RF signal, a corrected RF signal, which is transmitted to the RFPA 207. More descriptions
regarding the non-linear operation may be found elsewhere in the present disclosure (e.g., FIGs. 5 and 6 and relevant
descriptions thereof).

[0070] The modules in the processing device 140 may be connected to or communicate with each other via a wired
connection or a wireless connection. The wired connection may include a metal cable, an optical cable, a hybrid cable,
or the like, or any combination thereof. The wireless connection may include a Local Area Network (LAN), a Wide Area
Network (WAN), a BluetoothTM, a ZigBeeTM, a Near Field Communication (NFC), or the like, or any combination thereof.
In some embodiments, the processing device 140 may include one or more additional modules. For example, the
processing device 140 may include a storage module (not shown) used to store information and/or data related to the
signal processing. As another example, the processing device 140 may include a transmission module used to transmit
the processed signal (e.g., the corrected RF signal) to the RFPA 207. In some embodiments, one or more modules may
be omitted in the processing device 140. For example, the non-linear correction module 1105 may be omitted in the
processing device 140. The compensated RF signal generated by the gain compensation module 1103 may be directly
transmitted to the RFPA 207 for amplification. In some embodiments, two or more of the modules may be combined
into a single module, and any one of the modules may be divided into two or more units. For example, the gain com-
pensation module 1103 may include a parameter obtaining unit and a compensation quantity determination unit, the
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functions of which are similar to the parameter obtaining unit 6111 and the compensation quantity determination unit
6112 respectively.

[0071] FIG. 12 is a flowchart illustrating an exemplary process for improving output stability of an RFPA according to
some embodiments of the present disclosure. In some embodiments, one or more operations of process 1200 illustrated
in FIG.12 may be implemented in the MRI system 100 illustrated in FIG. 1. For example, process 1200 illustrated in FIG.
12 may be stored in the storage device 130 in the form of instructions, and invoked and/or executed by the processing
device 120 (e.g., the processor 210 of the computing device 3200 as illustrated in FIG. 3, the GPU 430 or CPU 440 of
the mobile device 400 as illustrated in FIG. 4, and or the modules of the processing device 140 as illustrated in FIG. 10).
As another example, the process 1200 may be performed by a device of the MRI device 110 (e.g., the device 510 orthe
device 1010).

[0072] In 1201, an initial RF signal to be transmitted by an RFPA (e.g., the RFPA207, 610, or 1020) may be obtained.
The initial RF signal may be generated by a waveform generator (e.g., the waveform generator 216) of the MRI device
110. In some embodiments, the initial RF signal may be obtained by the processing device 140 (e.g., the obtaining
module 1101). In some embodiments, the initial RF signal may be obtained by the device (e.g., the first processing circuit
of the device 510, or the gain compensation module 511, 611, or 1011).

[0073] In some embodiments, the initial RF signal may be the same as or similar to the RF input 501, 601, or 1001
as described elsewhere in the presentdisclosure. For example, the initial RF signal may be a pulse signal with a frequency
in a range from 10 MHz to 1000 MHz.

[0074] In 1203, a compensated RF signal may be generated by performing, based on a preset compensation rule and
a set of compensation parameters, a gain compensation operation forthe initial radio frequency signal. In some embod-
iments, the compensated RF signal may be generated by the processing device 140 (e.g., the gain compensation module
1103). In some embodiments, the compensated RF signal may be generated by the device (e.g., the first processing
circuit of the device 510, orthe gain compensation module 511, 611, or 1011).

[0075] In some embodiments, the preset compensation rule may include a series of mappings between a gain com-
pensation quantity and the set of compensation parameters. The set of compensation parameters may include a supply
voltage of the RFPA, a transistor junction temperature of the RFPA, an output power of the RFPA, or the like, or any
combination thereof. In some embodiments, the processing device 140 may determine a gain compensation quantity
based on the preset compensation rule and the set of compensation parameters. The processing device 140 may
generate the compensated RF signal based on the gain compensation quantity and the initial RF signal. For example,
the processing device 140 may determine a first compensation quantity based on the supply voltage of the RFPA and
the output power of the RFPA. The processing device 140 may determine a second compensation quantity based on
the output power of the RFPA and the transistor junction temperature of the RFPA. The processing device 140 may
determine the gain compensation quantity based on the first compensation quantity and the second compensation
quantity. More descriptions regarding the gain compensation operation may be found elsewhere in the present disclosure
(e.g., FIG. 6 and relevant descriptions thereof).

[0076] In 1205, a corrected RF signal, which is transmitted to the RFPA, may be generated by performing a non-linear
correction operation on the compensated RF signal. In some embodiments, the corrected RF signal may be generated
by the processing device 140 (e.g., the non-linear correction module 1105). In some embodiments, the corrected RF
signal may be generated by the device (e.g., the second processing circuit of the device 510, or the non-linear correction
module 512 or 612). More descriptions regarding the non-linear operation may be found elsewhere in the present
disclosure (e.g., FIGs. 5 and 6 and relevant descriptions thereof).

[0077] Having thus described the basic concepts, it may be rather apparent to those skilled in the art after reading
this detailed disclosure that the foregoing detailed disclosure is intended to be presented by way of example only and
is not limiting. Various alterations, improvements, and modifications may occur and are intended to those skilled in the
art, though not expressly stated herein. These alterations, improvements, and modifications are intended to be suggested
by this disclosure and are within the spirit and scope of the exemplary embodiments of this disclosure.

[0078] In closing, it is to be understood that the embodiments of the application disclosed herein are illustrative of the
principles of the embodiments of the application. Other modifications that may be employed may be within the scope of
the application. Thus, by way of example, but not of limitation, alternative configurations of the embodiments of the
application may be utilized in accordance with the teachings herein. Accordingly, embodiments of the present application
are not limited to that precisely as shown and described.

Claims
1. A system for improving output stability of a radio frequency power amplifier (RFPA), comprising:

a first processing circuit configured to
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obtain an initial radio frequency signal to be amplified by the RFPA,;

generate a compensated radio frequency signal by performing, based on a preset compensation rule and
a set of compensation parameters, a gain compensation operation for the initial radio frequency signal,
wherein the set of compensation parameters includes a supply voltage of the RFPA and a transistor junction
temperature of the RFPA; and

a second processing circuit configured to generate, by performing a non-linear correction operation on the
compensated radio frequency signal, a corrected radio frequency signal, which is transmitted to the RFPA.

The system of claim 1, wherein the set of compensation parameters further includes an output power of the RFPA.

The system of claim 2, wherein to generate a compensated radio frequency signal by performing, based on a preset
compensation rule relating to a set of compensation parameters, a gain compensation operation for the initial radio
frequency signal, the first processing circuit is further configured to:

determine a gain compensation quantity based on the preset compensation rule and the set of compensation
parameters, wherein the preset compensation rule includes a series of mapping relationships between the gain
compensation quantity and the set of compensation parameters; and

generate the compensated radio frequency signal based on the gain compensation quantity and the initial radio
frequency signal.

The system of claim 3, wherein to determine a gain compensation quantity based on the preset compensation rule
and the set of compensation parameters, the first processing circuit is further configured to:

determine a first compensation quantity based on the supply voltage of the RFPA and the output power of the
RFPA;

determine a second compensation quantity based on the output power of the RFPA and the transistor junction
temperature of the RFPA; and

determining the gain compensation quantity based on the first compensation quantity and the second compen-
sation quantity.

The system of claim 3, wherein the series of mapping relationships between the gain compensation quantity and
the set of compensation parameters are listed in a gain compensation table.

The system of claim 3, wherein the series of mapping relationships between the gain compensation quantity and
the set of compensation parameters are determined by data fitting based on a function that incorporates the gain
compensation quantity and the set of compensation parameters.

The system of claim 1, wherein the first processing circuit is further configured to:

designate a sum of an ambient temperature and a transistor junction temperature rise of the RFPA as the transistor
junction temperature of the RFPA.

The system of claim 7, wherein the first processing circuit is further configured to:

calculate the transistor junction temperature rise of the RFPA based on a power dissipation of the RFPA and an

equivalent thermal resistance of the RFPA.

The system of claim 1, wherein a frequency of the initial radio frequency signal is in a range from 10 megahertz to
1000 megahertz.

The system of claim 1, wherein the initial radio frequency signal is a pulse signal.
The system of claim 1, wherein a peak power of the RFPA is greater than 8 kilowatts.

A method for improving output stability of a radio frequency power amplifier (RFPA), the method being implemented
on one or more processing circuits operably connected with the RFPA, the method comprising:

obtaining an initial radio frequency signal to be amplified by the RFPA,;
generating a compensated radio frequency signal by performing, based on a preset compensation rule and a
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set of compensation parameters, a gain compensation operation for the initial radio frequency signal, wherein

the set of compensation parameters includes a supply voltage of the RFPA and a transistor junction temperature

of the RFPA; and

generating, by performing a non-linear correction operation on the compensated radio frequency signal, a
5 corrected radio frequency signal, which is transmitted to the RFPA.

13. The method of claim 12, wherein the set of compensation parameters further includes an output power of the RFPA.

14. The method of claim 13, wherein the generating a compensated radio frequency signal by performing, based on a
10 preset compensation rule relating to a set of compensation parameters, a gain compensation operation forthe initial
radio frequency signal includes:

determining a gain compensation quantity based on the preset compensation rule and the set of compensation

parameters, wherein the preset compensation rule includes a series of mapping relationships between the gain
15 compensation quantity and the set of compensation parameters; and

generating the compensated radio frequency signal based on the gain compensation quantity and the initial

radio frequency signal.

15. A radio frequency system, comprising:
20

one or more processing circuits configured to generate a compensated radio frequency signal by performing,
based on a preset compensation rule and a set of compensation parameters, a gain compensation operation
on an initial radio frequency signal to be amplified by a radio frequency power amplifier (RFPA) for improving
output stability of the RFPA,;

25 the RFPA configured to generate an amplified radio frequency signal by amplifying the compensated radio
frequency signal; and
radio frequency coils configured to generate, after being driven by the amplified radio frequency signal, a radio
frequency magnetic field for imaging.
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